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In this paper we present new parameters of the TB-SMA interatomic potentials for the Pt/Cu(111)
surface alloy. The parameters are fitted using both the experimental and ab initio data. The
potentials reproduce not only the bulk properties of copper and platinum, but also the energy
characteristics of the Pt/Cu(111) surface alloy. The potentials can be used for the simulations of
the growth of the Pt/Cu(111) surface alloy on the atomic scale.
PACS numbers: 02.70.Ns, 68.35.bd.
Keywords: surface alloy; interatomic potentials.
Theoretical methods for studying the formation of sur-
face alloys can be divided into several groups. Most pre-
cise and reliable are the ab initio methods. They are
often based on the density functional theory [1]. Un-
fortunately, such methods are too complicated. They
can only be used for the calculation of the typical en-
ergies or to describe several initial steps of the system’s
evolution. Another approach is using of the semiempiri-
cal potentials for the investigation of the atomic prop-
erties of alloys on the long-time scale. For instance,
the Bozzolo-Ferrante-Smith (BFS) potentials were used
to describe the Cu3Pt alloy formation during the an-
nealing of the Cu(100) substrate covered with the Pt
monolayer [2]. The BFS potentials are based on the
values of the experimental and ab initio parameters of
pure materials and, therefore, can describe some of their
properties. However, they have only one fitting param-
eter for interaction of different types of atoms. Thus,
it is almost impossible to fit this parameter in order
to describe all the properties of the surface alloy. The
embedded-atom method (EAM) and modified embedded-
atom method (MEAM) potentials were also proposed for
this system [3, 4]. Such potentials are quite popular be-
cause they can precisely reproduce the typical energies
and the bulk characteristics of the pure materials [5].
They can also be used to evaluate the parameters of bulk
or dilute alloys [6, 7]. Unfortunately, the available poten-
tials [3, 4] for the Pt/Cu system neglect the bulk prop-
erties of pure Cu and Pt. Incorrect values of the lattice
constant and elastic constants of the substrate will lead
to an additional energy of elastic deformation. There-
fore, an accurate calculation of the adsorption energies
and diffusion barriers of Pt atoms on a Cu substrate
is unlikely. Another type of interatomic potentials are
based on the tight binding method in the second mo-
ment approximation (TB-SMA) [8]. This approximation
was used to simulate the formation of various hetero-
geneous alloys: Co/Cu [9, 10], Fe/Cu [11], Ni/Cu [12],
Cu/Ti [13], Co/Pt [14], Co/Au [15], Co/Ag [16], Ag-Au-
Pd-Pt [17]. The TB-SMA potentials can simultaneously
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reproduce the atomic adsorption energies and the diffu-
sion barriers, and precisely describe the bulk structure
of substrates. Therefore, it is possible to simulate such
processes as formation of nanostructures [9], vibration of
clusters [18], mesoscopic relaxations [19], phase stability
and segregation [20]. It was also shown that the TB-
SMA potentials are more suitable for the simulation of
the nanocontacts than the EAM [21, 22].
We use the interatomic TB-SMA potentials [8, 23, 24].
In this approximation, the attractive term Eib (band en-
ergy) contains the many-body interaction. The repulsive
part Eir is described by pair interactions (Born-Mayer
form). The cohesive energy EC is the sum of the band
energy and the repulsive part:
EC =
∑
i
(Eib + E
i
r), (1)
Eib = −
√√√√∑
j
ξ2αβ exp
[
−2qαβ
(
rij
rαβ0
− 1
)]
fc(rij), (2)
Eir =
∑
j
[
A1αβ
(
rij
rαβ0
− 1
)
+A0αβ
]
exp
[
−pαβ
(
rij
rαβ0
− 1
)]
fc(rij), (3)
where rij is the distance between the atoms i and j; α
and β are types of the atoms; ξαβ is an effective hopping
integral; pαβ and qαβ describe the decay of the interaction
strength with distance between the atoms; and rαβ0 , A
0
αβ
and A1αβ are adjustable parameters of an interatomic in-
teraction. The cut-off function fc(rij) has the form [25]:
fc(rij) = 0 if rij ≤ Ron, fc(rij) = 1 if rij ≥ Roff , and
fc(rij) =
(R2off − r2ij)2(R2off − 3R2on + 2r2ij)
(R2off −R2on)3
(4)
if Ron < rij < Roff , where Roff = 6.5 A˚ and Ron =
6.0 A˚ are cut-off distances.
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2TABLE I. Data used for the fitting of the TB-SMA potentials, values calculated with the optimized potentials and values
calculated with the potentials from [26]. Lattice constant a, cohesive energy Ec and bulk modulus B are taken form [8]. The
binding energies and the diffusion barriers are calculated with the VASP code [27]. The atomic configurations used in the
fitting procedure are shown in Fig. 1.
Quantity Configuration Data Fitted Values
(Fig. 1) value from [26]
Pt a 3.924 A˚ 3.925 A˚ 3.930 A˚
(fcc) Ec 5.853 eV 5.853 eV 5.871 eV
B 2.88 Mbar 2.89 Mbar 2.86 Mbar
Cu-Pt E1on 1 -4.958 eV -4.835 eV -3.950 eV
E2on1 2 -0.335 eV -0.454 eV -0.942 eV
E1in 3 -2.963 eV -2.939 eV -2.054 eV
E2in1 4 0.154 eV 0.125 eV -0.010 eV
E2in3 5 0.019 eV 0.055 eV 0.013 eV
Est1on 6 -5.899 eV -5.900 eV -4.730 eV
Est2on1 7 -0.277 eV -0.117 eV -0.554 eV
Est1in 8 -2.666 eV -3.024 eV -1.770 eV
Est2in1 9 0.152 eV 0.352 eV 0.001 eV
Est2in3 10 0.015 eV 0.132 eV -0.002 eV
Estepd 0.470 eV 0.457 eV 0.252 eV
Esurfd 1.100 eV 1.060 eV 0.630 eV
Parameters for Cu-Cu interaction were taken from
Ref. [28]. The reliability of the Cu-Cu potentials for
different atomic structures (supported islands, surface
and bulk vacancies, nanocontacts) has been demon-
strated [29–32].
The Pt-Pt and Cu-Pt parameters are optimized simul-
taneously by including in the fit the experimental data
for the bulk properties of Pt (lattice constant a, cohesive
energy Ec, and bulk modulus B) [8] and the results of the
first-principles DFT calculations. The following energies
were included in the database (see Fig. 1 and Table I):
the binding energies of adatom E1on and dimer E2on1 on
the Cu(111) surface, the binding energies of adatom E1in
and dimers on the first E2in1 and third E2in3 neighbors
in the topmost layer of the Cu(111) surface and the sim-
ilar energies in the case of the stepped Cu(111) surface.
The binding energies of adatoms were calculated from
the formula
E = E1 − E0, (5)
where E1 is the total energy of the calculation cell with
the Pt adatom and E0 is the total energy of the substrate
without the adatom. To calculate binding energies of the
dimers we used the following formula
E = E2 − 2E1 + E0, (6)
where E2 is the total energy of the calculation cell with
two Pt adatoms. We also include in our database the
following two barriers: the barrier for the jump of Pt
adatom embedded in the topmost layer of the Cu(111)
surface Esurfd , and the barrier for the jump of the Pt
adatom along the Cu step edge Estepd (see Fig. 1).
All the DFT calculations were performed with the Vi-
enna ab initio simulation package (VASP) [27] with the
generalized gradient approximation (GGA) [33, 34]. The
substrate has been modeled as the periodically repeated
slabs consisting of the six atomic layers separated by a
sufficiently thick vacuum space of 16 A˚. Each atomic
TABLE II. Parameters of interatomic interactions.
Parameter Cu-Cu[28] Cu-Pt Pt-Pt
A1 (eV) 0.000 0.049 -0.422
A0 (eV) 0.085 0.241 0.120
ξ (eV) 1.224 2.093 1.995
p 10.939 9.958 9.560
q 2.280 3.702 4.010
r0 (A˚) 2.556 2.560 2.929
3FIG. 1. Schematic view of the topmost layers of the calcu-
lation cells used to fit the Cu-Pt potentials: (a) Pt adatoms
on the surface, (b) Pt adatoms in the surface, (c) Pt adatoms
near Cu step edge, (d) Pt adatoms in the Cu step edge, (e)
the barriers used in the fitting procedure. Orange and brown
balls symbolize Cu atoms and gray balls - Pt atoms.
layer consisted of the 6×4 atoms. Resulting surface of
the slab was Cu(111). The positions of the atoms in the
four topmost layers of the substrate were optimized using
scalar-relativistic calculations until the forces on all un-
constrained atoms were converged to less than 0.01 eV/A˚.
The same structure was used as a substrate for the ener-
gies calculations with the TB-SMA potentials. Its relax-
ation was carried out by the molecular statics method.
To calculate the barriers for the fitting procedure we used
the same computational cell as for the calculations of the
energies.
The set of data used to define the parameters of the
interatomic TB-SMA potentials and the corresponding
values calculated by means of the optimized potential
are given in Table I. The bulk properties, surface proper-
ties, and diffusion barriers are well reproduced. We also
calculated the same values using the parameters taken
form [26]: Cu-Cu and Pt-Pt potentials were fitted to the
bulk properties of Cu and Pt, respectively, and param-
eters of the Cu-Pt potential were taken as averaged pa-
rameters. In the last case the surface properties and the
barriers are reproduced worse. We see that it is criti-
cally important to include the surface properties in the
fitting procedure. The fitted parameters of interatomic
interactions are presented in Table II.
In summary, we have fitted parameters of the inter-
atomic TB-SMA potentials for the Pt-Cu system. These
potentials reproduce bulk properties of copper and plat-
inum, and energy characteristics of Pt/Cu(111) surface
alloy. We believe that our parameters of the interatomic
TB-SMA potentials will be useful for solution of many
problems associated with the evolution and the dynami-
cal properties of the Pt-Cu systems.
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